ABSTRACT
The population of the United States is both growing and aging, and the number of elderly patients with cancer requiring surgical intervention is expected to rise markedly in the next decade. 1 According to the Social Security Actuarial Survival Tables, the life expectancy of a person reaching the age of 70 is 14 years; furthermore an 80-year-old person has an approximate life expectancy of 8 years. The life expectancy of elderly patients is often underestimated, and therefore these patients are frequently undertreated.
Over the last 2 decades, cytoreductive surgery (CRS) combined with intraperitoneal hyperthermic chemotherapy (HIPEC) has been established as a promising treatment strategy for selected patients with peritoneal surface disease (PSD), predominantly for appendiceal, colorectal, and peritoneal mesothelioma primaries. [2] [3] [4] [5] [6] [7] [8] At the same time, the proportion of older people with PSD has increased following in parallel the increase of the elderly population. Outcomes on patients older than 70 years, treated with CRS/HIPEC, do not exist in the literature.
The primary aim of the present study is to assess the outcomes of CRS/HIPEC procedures in patients older than 70 and to demonstrate how advanced age impacts morbidity and mortality. The secondary aim is to identify the population of elderly patients that will obtain a survival benefit from the procedure.
METHODS
This is a retrospective analysis of a prospectively maintained database of 950 CRS/HIPEC procedures. An IRB approval was obtained. Patients who were included underwent CRS/HIPEC after their 70th birthday. Data relevant to the analysis included demographics, Eastern Cooperative Oncology Group (ECOG) performance status, R status of resection, type of malignancy, comorbidities, morbidity, mortality, and survival. Eligibility criteria for CRS/HIPEC were ECOG B 2, pathologic diagnosis of PSD, complete recovery from prior systemic chemotherapy or radiation treatments, resectable or resected primary, debulkable peritoneal disease, and no extra-abdominal disease. Age, per se, was not a selection criterion for the procedure, but was considered by the evaluating surgeon. Peripheral liver disease, if easily resectable, was not a contraindication. All patients preoperatively had a complete history and physical, tumor markers, and CT of the chest, abdomen, and pelvis. The procedure was conducted as previously described by our group. 9 Surgical morbidity and mortality were recorded according to Clavien and Dindo classification system. 10 R0 and R1 resections were grouped together as complete cytoreductions. Cytoreductions with residual macroscopic disease were characterized as R2 and subdivided based on the size of residual disease (R2a B 5 mm, R2b B 2 cm, R2c [ 2 cm).
Descriptive statistics including means and standard deviations for continuous data and frequencies and percentages for categorical data were calculated. Overall survival (OS) was calculated from the date of CRS/HIPEC to the last known date of follow-up or the date of death. Estimates of survival were calculated by using the KaplanMeier (product-limit) method; analysis with Cox proportional hazards was performed on all pertinent clinicopathologic variables to determine each variable's association with survival. Group comparisons of OS were performed using the approximate Chi square statistic for the log-rank test. Additionally, the Cox proportional hazards regression model was used in a stepwise fashion to perform a multivariate analysis of clinical and pathologic factors to determine an overall model of independent predictors of OS. Statistical significance was defined as a p value \ 0.05. (20 %) were between the ages of 75 and 79 years, and 7 (9 %) were between the ages of 80 and 87 years. The distribution of primaries was 32 appendiceal cancers, 20 colon cancers, 10 mesotheliomas, 8 ovarian cancers, 6 gastric cancers, and 5 other (2 sarcomas, 1 rectal, 1 liver, and 1 unknown) ( Table 1) .
RESULTS

A total of
A colostomy was required for 6 patients (7 %), and 9 patients (11 %) required an ileostomy. A total of 63 patients (78 %) were ECOG 0/1, while 14 (17 %) were ECOG 2. R0 or R1 resection was obtained in 36 patients (44 %). R2a resection was obtained in 24 patients (30 %) ( Table 1) . Median ICU and hospital stay for patients without complications were 1 and 8 days, respectively. The average hospitalization was 9.5 ± 4.6 days. Patients with complications had an average hospitalization of 23.4 ± 22.9 days with a median of 4 ICU and 15 floor days. Minor morbidity (grade I and II) was 28 % (23 patients), while major morbidity (grade III and IV) was 38 % (31 patients). The 30-day mortality for the entire cohort was 13.6 %. The 3-month mortality was 27.4 %. There were no deaths in the octogenarian group.
Survival and Prognostic Factors in Univariate and Multivariate Analysis (Table 2)
To evaluate the effect of institutional experience on survival, we divided the elderly cohort into 2 groups of similar volume of cases; the initial group included 1991 to 2003, with the latter being after 2004. The 2 survival curves were significantly different (p = 0.009). There was a reduction in 1-and 3-month mortality over time from 17.9 and 35.9 % to 9.5 and 19.3 %, respectively, while the median survival increased from 11.2 months (n = 39) to 46.9 months (n = 42) ( Fig. 1 ). In addition, the probability of death was reduced by 7 % for each annual increment in the institution's experience (p = 0.006).
When we looked at the impact of complications on survival we found that patients without complications (n = 27) had 1-year survival of 81 % (±8 %) and 3-year survival of 59 % (±10 %), while the median survival was 39 months. Patients with postoperative complications (n = 54) had 1-year survival of 53 % (±7 %) and 3-year survival of 25 % (±7 %), while the median survival was 13 months. Stepwise multivariate models were created with and without complications as a variable. The presence of any complication was highly associated with survival in univariate analysis (p = 0.004) (Fig. 2 ). For patients that we followed for more than 2 years, the median OS was 64.9 months. A total of 25 patients (30.9 %) lived 2 years.
The median survival stratified by primary, was 31.8 months for appendiceal cancer, 41.5 months for mesothelioma, 54 months for ovarian cancer, 13.2 months for colon cancer, and 7.6 months for gastric cancer. Type of primary was a significant predictor of survival in univariate analysis. In multivariate analysis (p = 0.03), the type of primary was significant only if the stepwise modeling was done without including complications (Fig. 3) .
The average albumin level of patients with complications was 3.7 g/dL. The average albumin level of those patients who suffered mortality was 3.2 g/dL. Albumin was a significant predictor of survival in univariate analysis and in multivariate analysis without complications in the stepwise model (p = 0.02). The risk of death was reduced by 40 % for each additional gram of albumin.
Preoperative hemoglobin level was significant in univariate analysis (p = 0.02). Patients presenting with lower hemoglobin levels had worse prognosis, with hemoglobin probably acting as a surrogate to advanced stage of disease, poor nutritional status, and often prior chemotherapy. Age and ECOG functional status were not significant in both univariate and multivariate analysis ( Table 2) .
In univariate analysis, the completeness of cytoreduction was significant only for patients who had no complications (p = 0.04). In multivariate analysis, reduced survival was directly related to the presence of postoperative complications. The completeness of cytoreduction was significant (p = 0.007) only for the model that did not include complications as a covariate. In the model without complications the type of primary (p = 0.03), albumin levels (p = 0.02), and completion of cytoreduction (p = 0.007) were indicative of improved survival. With complications in the stepwise model, only the institutional experience (p = 0.001) and the absence of complication itself (p = 0.001) remained and were significantly associated with survival (Table 2) . We also examined if complication rates and the associated poor survival were a function of disease burden. On multivariate analysis, the number of organs resected was significantly higher in the group with complications (3.3 ± 1.7 vs 2.1 ± 1.3, medians of 2 and 3, respectively) (p = 0.003), meaning a higher volume of disease requires a more extensive cytoreduction and an increase in complication rate.
In addition, we included comorbidities such as diabetes, heart disease (coronary artery disease, prior MI, congestive heart failure), and lung disease (COPD, asthma) in the analysis. Using a logistic regression model, the effect of 1 comorbid condition leads to a more than doubling of the odds of having a complication with an odds ratio of 2.19 (95 % CI 1.06-4.53, p = 0.035). Using a multivariate analysis, we were able to determine that 19 of 50 (38 %) of smokers had complications vs 2 of 24 nonsmokers (8 %) (p = 0.012).
We also compared data on patients \70 years versus their elderly counterparts to determine the difference in mortality and complication rates. The rate of mortality is higher in the [70 group than in the \70 group at 1 and 3 months (p \ 0.0001). The 1-month mortality is 3.9 % in the \70 group versus 13.6 % in the [70 group. The 3-month mortality was 10.2 % in the \70 group and 27.4 % in the [70 group. Minor morbidity (Clavien I/II) is not significantly different between the 2 groups, with 28 % of elderly patients with a minor morbidity vs 39 % in the younger patients (p = 0.07). There was a significant difference in major morbidity (Clavien III/IV), with 23 % of the younger patients having a major morbidity versus 38 % in the elderly (p = 0.002).
DISCUSSION
Elderly patients have been either under-represented or excluded in most prospective randomized clinical trials. 11 Therefore, it is unknown whether treatment guidelines for the elderly should differ from those applied to younger patients. For the purposes of this manuscript, elderly was defined as older than 70 years, given that with the current standards of living, the age of 65 cannot always be considered the entrance into the elderly life. In addition, because of medical care advances, 1-month reports of morbidity and mortality do not capture the physiologic impact of a complex surgical procedure. Therefore, this manuscript is focused predominantly on 3-month surgical outcomes.
It has been previously shown that elderly patients are at increased risk for postoperative morbidity. 12 Given the extent of surgery necessary to obtain optimal cytoreduction, the morbidity and mortality of CRS/HIPEC are not insignificant. Current morbidity rates experienced by centers performing CRS/HIPEC in patients of all ages, range from 27 to 56 %. 13, 14 Our CRS/HIPEC data in this elderly subset revealed a combined grade III and IV morbidity rate of 38 %.
The 3-month mortality of 27 % for the entire cohort is definitely increased compared with younger subjects and should be regarded only as a historic value for 1 major reason. It describes the historic evolution of a surgical procedure that was largely unknown 20 years ago and therefore includes patients that currently would not be considered candidates for CRS/HIPEC. At the start of our institutional experience 20 years ago, the key element driving the decision-making process was that patients with PSD had 4-6 months of anticipated survival. Thus we include in this analysis patients taken for the procedure prior to our understanding of the prognostic features outlined previously. Over the 20 years our outcomes have improved predominantly as a result of better patient selection. Patients must be medically fit with ECOG status B2. Elderly patients with high-volume disease, notably a PCI [ 20, will not be taken to the operating room with the exception of low-grade appendiceal patients who have a favorable biological behavior. Parenchymal hepatic metastases must be resectable without having to undergo a complex operation. We also select patients based on response to neoadjuvant chemotherapy. If response to the neoadjuvant therapy is good, with documented tumor reduction, the patient may be considered for CRS/HIPEC depending on the primary and distribution of disease. There have been no randomized trials to validate these practice changes as of yet.
In addition, the operation itself is challenging with a long learning curve. 15 When we looked at the effect on survival of prior CRS/HIPEC accumulated surgical experience, we calculated a 7 % annual risk reduction for a patient undergoing a cytoreduction to die from the operation. This 7 % annual risk reduction was stable over the entire period of 20 years and explains why the last 42 patients, when analyzed separately, demonstrated a drop in 1-and 3-month mortality from 17.9 and 35.9 to 9.5 and 19.3 %, respectively. As volume increased, there was an increase in survival from 11 to 47 months because surgical experience and selection criteria were gradually developed and applied. The aforementioned numbers have to be taken into consideration by novice centers that are planning to develop a peritoneal surface malignancy program.
However, there is still no doubt that 9.5 and 19.3 % 1-and 3-month mortality is daunting and significantly higher than what has been previously reported. 16 Therefore, there are 2 questions that need to be answered: (1) Should we even consider performing a cytoreduction in a patient older than 70 years? (2) Who is the elderly patient that will benefit from a CRS/HIPEC procedure? Considering the almost 4 years (47 months) median survival obtained from the procedure, it would be difficult to argue that CRS should not be offered as a therapeutic option to selected elderly patients with PSD.
To answer the question of who is the elderly patient that will obtain a survival benefit from the procedure, we examined our data through a number of different lenses. The predictive role of ECOG performance status has been extensively studied. 7, 14 Younger patients with performance status of ECOG 0 or 1 have superior survival over ECOG 2 patients. In elderly patients, ECOG has less prognostic significance, possibly because it functions as an expression of both physiologic aging and volume of disease. 17 On the contrary, in young patients, performance status is prognostic of survival because it records functional loss as an indirect measure of volume of disease. As an alternative to ECOG, frailty has been identified as a marker of physiologic reserves. 18 A prospective analysis is needed to validate whether frailty can predict which elderly patients will do well following CRS/HIPEC. We do not offer CRS/ HIPEC to patients with an ECOG score greater than 2. The 4.9 % ECOG 3 patients included in this study reflects our early experience prior to our full appreciation of the relationship between performance status and postoperative complications.
The completeness of CRS has been shown to be prognostic of survival in younger patients. 7, 14, 19, 20 Elderly patients with PSD that live longer are those who will have an uncomplicated R0/R1 complete macroscopic cytoreduction. It is important to mention that complete CRS was not prognostic for survival in the presence of postoperative complications, underscoring the substantial impact of a complication in this population. High-volume disease requires aggressive CRS, associated with increased complication rates. Therefore, careful evaluation of preoperative CT and or MRI to determine the volume of disease is mandatory. The distribution of disease is also of paramount importance. Disease in the porta hepatis, retroperitoneum, or surrounding major vascular structures not allowing for complete resection should be considered exclusion criteria. In addition, 1 comorbid condition leads to a more than doubling of the odds of having a complication, indicating that comorbidities should be included in the factors guiding preoperative selection along with volume of disease, type of primary, and nutritional status.
The type of primary was also a significant prognosticator of survival. Primaries that do well are low-grade appendiceal cancer, epithelioid mesothelioma, and ovarian cancer. On the contrary, elderly with gastric cancer PSD should not be offered a CRS/HIPEC procedure with the possible exception of patients who present with extremely low volume of disease, notably PCI \ 6 or only positive peritoneal lavage. Colon cancer PSD should also be treated with caution in this population.
Albumin is a well-documented risk factor of operative morbidity and mortality. 21 In the elderly undergoing CRS/ HIPEC, nutritional status as measured by albumin functions as a strong prognostic indicator for survival. Overall, we consider albumin as an indicator of potential postoperative complications. We will postpone surgery until nutritional parameters improve, and we often attempt a 2-week trial of enteral or parenteral nutrition prior to surgery. Complications in the elderly are poorly tolerated because of a lack of physiologic reserves. This is supported by the average hospitalization of 23 days with a complication versus 8 days without. Similarly, the median survival with and without postoperative complications was 13 and 39 months, respectively. In the same context, the type of primary was a less powerful prognostic indicator in the presence of postoperative complication in the specific age group.
Chronologic age has been shown to be prognostic of survival in cohorts of CRS/HIPEC patients that included patients of wide spectrum of ages. 20 In the narrow range of 70-87 years, age was not significant. In addition, the length of hospitalization was not affected by age. The observed 0 % mortality in the octogenarian group (versus septuagenarians) indicates that chronological age should be taken into consideration in conjunction with the entire clinical picture and not independently.
We recognize that the current paper is limited in that it represents a retrospective review from a single institution. However, it demonstrates accurately the surgical outcomes of CRS/HIPEC procedures, regardless of primary, on a population that will inevitably continue to grow in the future.
In conclusion, the balance between surgical intervention and quality of life is always of primary importance, but is especially true in the elderly, where maintaining a symptom-free functional status is of paramount significance. The decision to recommend CRS/HIPEC to an elderly patient is complicated by the frequent substantial comorbidities and the poor prognosis of the disease. We do not suggest that CRS/HIPEC should be offered in all patients older than 70 years. On the contrary, it should be offered only to a subset of the elderly, after stringent patient selection based on: type of primary, ability to perform a complete CRS, nutritional status, and performance status. The patient and family should be aware, based on straightforward preoperative discussions, that the procedure is associated with considerable morbidity and mortality and that the quality of life as previously published should be back to baseline within 6 months after the procedure. 21, 22 The procedure should not be attempted without the potential for prolonged survival with acceptable quality of life. Advanced chronological age alone should not be used as a CRS/HIPEC exclusion criterion, but rather placed into consideration along with factors such as type of primary, coexisting comorbidities, and volume of disease.
